
UNCLASSIFIED

AD 401 193

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA. VIRGINIA

UNCLASSIFIED



UVflCM: Umen sm ent or other dmiavDss speed.
ficatlams or other data are used for any puwose
other than in connecticn vith a definitely related
movemnt R1oourinnt opertion, the U. S.
Govezunt thereby incurs no responsibilitys nor mny
obligatiomn mtoevers and the fact that the Govern-
mnt my have roaaLlated, fuzuished, or in awn ay
supplied the said dawings.. specifications, or other
data Is not to be regarded by lmplication or other-
vise as in any saner licensing the holder or any
other Person or corporation, or conveying any right
or I•eeseion to nan tur, use or sel3. any
patented Invention that my In my way be related
thereto.



MCC~

S:_ US ARMY
S: ELECTRONICS

, RIESEARCH & DEVELOPMENT
'I I ACTIVITY

I -
I A METHOD FOR USING MEASURED RATE

TO IMPROVE RADAR RANGE DATA

BY

WILLIAM L. SHEPHERD

USA ERDA-4 FEBRUARY 1963

APR 1)16

,JSIA A

WHITE SANDS MISSILE RAONE
NEW MEXICO



I

A METHOD FOR USING MEASURED RATE
TO IMPROVE RADAR RANGE RATE

BY

WILLIAM L. SHEPHERD

USA ERDA-4 FEBRUARY 1963

DA Project I-G-2-S0206-D-241

INSTRUMENTATION DEPARTMENT
U. S. ARMY ELECTRONICS RESEARCH AND DEVELOPMENT ACTIVITY

WHITE SANDS MISSILE RANGE
NEW MEXICO



ABSTRACT

Two least squares polynomial methods for using radar

range rates to obtain improvement of radar range are given.

One method involves integration of smoothed range rate., the

other is a modification of the interpolating polynomial

fitting both range and range rate.
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INTRODUCT ION

Pulse type radars are presently being built which Incorporate Doppler

techniques for measuring range rate. These measurements viii be Inde-

pendent of and in addition to measurements of range. It Is anticipated

that measured range rates will be nuek me precise than measured ags.

In this report ve develop two least squares methods which vwil permit

the use of range rate Information to obtaln Improved estimtes of range.

The first method consists of fitting a least squares appeoxzting poly-

nomil to rungs rate data without reference to range• lteprating the

polynomial, and determining the constant of Integration so as to obtain

the integral curve which best fits tke range data In the sase at least

squares. It is to be acted that this does not involve numerical Inte-

gration from a tie-in point.

The second methot is an adaptation of the Interpolating polynomial which

fits the entire collection of range and range rate data. A simple

veighted least squares approximating polynomial is fitted to the entire

collection of data.

The first method permits one to so:3th range rate informtion without

degradation caused by Imprecise rainge. The introduction of the simple

veights in the second method permits some flexibility in adapting the

method to particular cases where measures of precision for the range

and for the range rate are available.

For greater ease of presentation only quadratic fits to range are

considered.



To naWaRAL IHOD

8ppose we have a set of measured values of ran~e from a radar site of

a movin point, and a corresponding set of independently measured values

of range rate, aocording to the following table.

Tims -kh, (-k + 1) h,..., 0 ,..., (k - 1) h,

Range r-k# rk + 1 p*o* rop"p r k - 1 p rk

Range Rate f.k8 f -k + 1 *s"* #0o*"* f3k - 1 0 fk

Notice we have a table with an odd number of columns. This restriction,

though not necessary, permits desirable simplifications of form.

Let the required appro1mating polynomial be

r(t) - ao 0 + t s t " + (z)

"viT.h derivative

f(t) - a1 +2a 2 tt (2)

We shall determine a1 and a2 so that f(t) is the least squares fit to

the rate data, then determine a so that r(t) is the least squares fit

to the range data.

Set

21) -

The normal equations for (2) are

Sg(a l, a2 ) g (a l, £2)
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Thus

1=-k

Z (a 1 ,e~h1-,' 1 )2h . 0. (14)

Y .a kNh) .L
i-.k

Usn 4 ~k) - omnA solvin (3) and (14) for a1, a' , ye get

k

a 1  * 115)

I al , + 2& i )2h -0

1.--

k

ip 2 h (k) (6)

We now determine .a0 30 that r(t) 1. the least squares fit to the range
ata Uingar the constralin that a( and ar are give* by (&) and (6).

Set

k

1 (5'

W-- (a0 + a1 • + a2 1ai "

The normw equation for (i) is

,da t(a +ata n+d a2 ia -ri ) a o. (6 )

0k



Then

- k ha1(k)
Z r i 2 (8)
i--k r 2

Sqution (1), with al and 2 given by (5) and (6) -an ao given by (8)
gives a formia for smoothed range whose derivative must be the

soothed range rate obtained from the Independently measured range rate.

To obtain r(O) and (o)., the values for smoothed range and range rate at

the mid-point of the smoothing interval,• w set t - 0 in (1) and (2)

and got

f (0) (9)

r(0) a 0 (10)

Inspection of equations (10), (9), (8), (6), and. (5) shove that r(o) and.

f(O) may each be expressed as a linear combination of x2 k*'.*.. xk,

J-kP''P"k "

We again refer to the table and equations (1) and (2). Introduce the

common veighting factor. c, for the residuals for range and the comon

factor, d., for the residuals for range rate, and set

f (a, a,, a2) - c2 Z [r(h) - riif + e [(ih) . ()
im -k i- -k



The aoru, Oea~t1o0n

-f 0 l ,2,p3

may be vritten after slight siq11fi.atiou as

k
S(% + ( ahl + a2 h, - r) - 0, (12)

1--k

ho2 • (% + &1hP + & ' - ) I ÷ ( ÷ - ) " o ,

im-k i=-k

k,,e,,,' (% +,,.,,, + a2,, -,.).., 12 + h,,E(a.,_ + 2 .,-i - .o. 0.

using

s(k) . 0, It P m 3
p

and collecting coefficients of ao, alp &2, in equations (22), (13) and

(lii), we got

k

S +k) % 0 Sk) " Zri , (15)

i=-k

k k

(hOcRS~k) + ea 8~k)) &)ahc
2 yfrL + ey iL, (,6)

i--k iA-k

k k (17)

h2,C2S(k) a 0 + S(k) + 4dae (k)) ,2 k i

2 a- + h 4 .8h2dm a ir + 2d% :L. .
im-k I= -k
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8(k) %(k) o 2

D a ha

ha~a (k) 2~m~)+ o k hac2 (k) haia (k) + a~jk)
% 4 2~a~sk %

. h2 {h. [S(k) o,- S4,(,k))2] + • S(k) S(k)} (38)

It can be shovn that D> o for k> l. Hence, the normal equations have a

unique so '110%i

a I 1 0k (19)

a -5 k k
Caha 1iar + 2dah lfi , cs~k + 4had2S~k)

1=-k 1=-k

k k
a (hcag I /I+eýfI.%0(0

I) (\p (i± d t)ya k) + e k)
Lu-k lu -k

k

S(k) Zr0 X

1 i1 -k

e` kd 2 k (21)

ha~aS(k), $aha 1~r1 + Yda ifi
1. -k 1.-k

Clearly al, and a2 can be expressed as explicit linear combiniations of

(ri# fi)o Also, a0, S1.9e an 2 are homogeneousa and of degree 0 in c, d,

Hence,9 only the ratio of c and d. need. be specified*
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The equations

r(o) - (22)

f(o) - a, (23)

with ac an a, given by equations (19) az (2Q) give the add,-point
smoothed range and range rate. For mid-point range and range rate only,

it Is not necessary to obtaind .

SUMMARY

In this report two methods of treating a combination of measured radar
rane and range rate are disoussed. Each uses 3east squares theory,

but the first permits independent smoothing of range rate. Each method

anticipates a situation likely to occur in radar instrumentation.
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